at least 6 months of therapy with disease-modifying antirheumatic drugs (DMARDs; methotrexate, leflunomide, cyclosporine, chloroquine) and/or at least 6 months of therapy with anti-TNF biologics. The evaluation of response to RTX was made at month +6 using the EULAR criteria (DAS28). a-CCP, a-MCV, total RF and RF IgA were determined at baseline (before the first infusion of RTX) and after 1, 3 and 6 months. In serum samples obtained before treatment two cytokines essential for Blymphocyte proliferation, interleukin 6 (IL-6) and B-lymphocyte stimulator (BLyS) were also determined. In all patients a significant and consistent reduction in all the tested antibodies was found during follow-up, with no differences in respect of the degree of response to RTX. Of note, at baseline, generally a higher titre of all autoantibodies was seen in patients who then showed a better response to RTX. Finally, there were no differences in serum concentrations of IL-6 and BLyS in patients in relation to the presence or absence of the autoantibodies investigated, nor was there any significant correlation between the serum concentrations of the cytokines and the titres of the autoantibodies. Thus, neither a-MCV compared to a-CCP, nor RF IgA compared to routine total RF, provided any additional predictive information in the follow-up of patients with RA treated with RTX.
duced in 2001 for the treatment of B-lymphocyte-mediated autoimmune diseases such as rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), Sjögren's syndrome (SS) and cryoglobulinaemic syndrome [1] [2] [3] [4] [5] . The mechanism by which RTX depletes B-lymphocytes in the peripheral blood is not completely known. It is believed that the drug induces cytotoxicity through the activation of complement antibody cell-mediated reactions [6, 7] . These reactions, however, explain only part of the mechanisms of action of RTX. For this reason it is believed that other molecular pathways may be activated by the drug (apoptosis, phagocytosis mediated by FcyR receptors) and may explain the variability in clinical response to RTX in several pathologies in which has been used [8, 9] .
During the course of RA, RTX has been shown to produce an effective reduction of CD20 + B-lymphocytes in both the blood and peripheral areas of inflammation and in the bone marrow which limits the function of antigen-presenting cells to T lymphocytes and the production of autoantibodies [9] [10] [11] . Clinical efficacy is accompanied by a reduction in the level of autoantibodies, without affecting that of total immunoglobulins [11] , thus preserving the patient's immune capacity against infections and suggesting a selective effect on the B-cell population implicated in the pathogenesis of RA. A depletive activity against the CD20 + T-lymphocyte population has also recently been demonstrated, characterized by constitutive production of proinflammatory cytokines and a high state of activation [12] .
Citrullinated peptide antibodies (APCA), in particular anticyclic citrullinated peptide (a-CCP) and rheumatoid factor (RF) are the most reliable serological markers for the diagnosis of patients with RA [13] [14] [15] . a-CCP appears to be highly specific for RA (95-97%), with a sensitivity comparable to that of RF (75-80%) and a more predictive role towards the erosive and rapidly progressive disease [16] [17] [18] . The role of a-CCP and RF in the monitoring of patients with RA treated with different therapeutic approaches is still a matter of debate. Recent studies have shown that the titre of a-CCP antibodies decreases partially after the first months of therapy and then remains stable in the long term regardless of the therapeutic response [19] [20] [21] , while the reduction in RF appears to be more marked and more significantly correlated with the therapeutic response [21] .
Among the proteins that are targeted by APCA, citrullinated vimentin soon became a very promising target because it is present specifically in the pannus and in the synovial fluid of RA patients [22, 23] . Therefore, the industry has recently proposed a specific test for antihuman modified citrullinated vimentin (a-MCV) [24] . a-MCV were first described in 1989 and were called anti-Sa, the initials of the first patient in whom they were identified [25] . Numerous studies have been formalized using experimental and commercial tests for a-MCV. These studies have shown that the sensitivity of a-MCV antibodies is similar to that of a-CCP, and the specificity is slightly lower [26] [27] [28] [29] . The predictive power in relation to radiographic progression and a high association with the shared epitope are even higher for a-MCV than for a-CCP antibodies [30, 31] , but for a-MCV major prognostic information is linked to a high titre and not to its mere presence [31] . The clinical role of a-MCV is still a matter of debate. It cannot replace a-CCP, but they can certainly occur together, because a small percentage of patients with RA are a-MCV-positive and a-CCP negative. Thus a-MCV antibodies could be used as second level test to support the diagnosis of RA in patients with a strong suspicion who are negative for a-CCP and RF [26] .
The RFs are a heterogeneous group of autoantibodies directed against antigenic determinants in the constant region (Fc fragment) of the heavy chain of IgG. They may belong to all classes of antibodies, although IgM is the most representative [32] . RF IgA has recently been reassessed as a marker of RA, and it seems that RF IgA, as well as having a high predictive value in the diagnostic phase, shows a higher correlation with the development of bone erosion and extraarticular manifestations [33, 34] .
Biologics have revolutionized the treatment of RA, being much more effective than traditional therapies. However, these drugs are expensive and are ineffective in 30-40% of patients [35] [36] [37] [38] . The search for biological markers useful in identifying patients with a greater propensity to respond to different biological drugs, whose performance is related to therapeutic response, is a very important field of current research [39, 40] .
Recently, the a-MCV antibodies have been investigated in the follow-up of patients with RA treated with anti-TNF-α/drugs, and they appear to have added value compared to the classic assay of a-CCP and RF since a-MCV antibodies decrease more quickly and are associated with clinical improvement [26] . Nothing has yet been reported for treatment with RTX, a drug that is directed to the autoantibody secreting cells.
The aim of this study was to analyse the serum levels of a-MCV, a-CCP and total and IgA-specific RF in the follow-up of patients with RA treated with RTX to identify any differences or peculiarities in the patterns of these autoantibodies, especially in relation to their potential use as predictive markers of therapeutic response. In addition baseline serum levels of IL-6 and B-lymphocyte stimulator (BLyS) were also determined, as they are key cytokines in B-cell homeostasis [41, 42] .
Patients and methods

Patients
The study was performed in a total of 54 patients with RA (10 men, 44 women; mean age 59.7±13 years) diagnosed according to the criteria of the American College of Rheumatology (ACR) [43] . Their mean duration of disease was 13.8±10.3 years. On entry, the patients were receiving treatment with disease-modifying antirheumatic drugs (DMARDs) and/or low doses of steroids (<10 mg/day). Of these 54 patients, 30 were directed to treatment with RTX, in 13 due to lack of response to conventional DMARDs for at least 6 months and in 17 due to lack of response to anti-TNFα drugs for at least 6 months. The RTX treatment consisted of two rounds of intravenous infusions of 1 g on day 0 and day 15. In patients receiving anti-TNFα drugs, a wash-out period of at least 1 month before treatment with RTX was observed. Clinical response was assessed after 6 months according to the criteria of the European League Against Rheumatisms (EULAR), using the Disease Activity score on 28 joints (DAS28).
In all patients treated with RTX a baseline serum sample, i.e. obtained during the days immediately preceding the first infusion of RTX, was analysed. In 22 patients, serum samples obtained 1 month, 3 months and 6 months after the first RTX infusion were also available and tested. All serum samples were stored at −80°C.
Methods
The serum levels of a-CCP, a-MCV and RF IgA were determined using automated enzyme-linked immunoassays (ELISA). In particular, the ELISA for the analysis of IgG a-CCP antibodies (Euro-Diagnostics) used highly purified synthetic peptides CCP-2. For the quantitative determination of a-MCV IgG antibodies an indirect solidphase ELISA was employed (Orgentec, Mainz, Germany).
For the determination of RF IgA the Orgentec ELISA was used. RF was determined by a routine turbidimetric method using an Olympus AU 2700 analyser. By this method, all the RF isotypes are detected, although RF IgM is the prevalent one, since IgA and IgG are often obscured by autoaggregation. We considered this test to determine total RF. Serum levels of IL-6 were determined using a capture immunofluorimetric method based on magnetic beads with chemiluminescent signal detection (Access 2 immunoassay system; Beckman Coulter, Fullerton, CA). The dosage of serum BLyS was determined using an ELISA (Quantikine Human BAFF/BLyS; R&D Systems, Minneapolis, MN). All assays were performed at the Laboratory of Immunopathology and Allergology of the University Hospital of Udine.
Statistical analysis
The statistical analysis was done using the software GraphPad Prism (Intuitive Software for Science, San Diego, CA). The differences between groups of unpaired values were analysed using the nonparametric MannWhitney test, while paired values were compared using the Wilcoxon test. All values are expressed as means ± standard deviation. Results were considered significant for p<0.05.
Results
Characteristics of a-MCV-positive and a-MCV-negative patients
In the group of 54 RA patients investigated, although the number was limited, we found one a-MCV-positive and a-CCP-negative patient, and one a-CCP-positive and a-MCV-negative patient ( Table 1) . The prevalence among our study group was therefore comparable to that among 89 previously published series [26] . The titre of the a-MCV antibodies showed a significant correlation with the titre of a-CCP (R=0.83, p<0.0001) and that of total RF (R=0.46, p=0.0007) and RF IgA (R=0. 43, p=0.0013) . No significant differences were seen in the levels of the cytokines BLyS and IL-6 in patients positive and negative for a-MCV (Table 1) . Similarly, there were no significant differences in the levels of BLyS and IL-6 in patients positive and negative for RF IgA. Of note, in the 13 patients negative for all autoantibodies, serum levels of BLyS (1.5±0.6 ng/ml), a key factor in the proliferation of autoimmune B-cell clones, were similar to those of the seropositive patients with RA (1.3±0.7 ng/ml, p not significant). To confirm these observations, there was no correlation between the titres of a-MCV, a-CCP, or total and IgA-specific RF or serum concentrations of BLyS and IL-6. Finally, there was no correlation between serum BLyS and IL-6 levels (data not shown).
Clinical response to RTX and baseline prevalence of autoantibodies
The assessment of clinical response to RTX after 6 months according to the EULAR criteria showed the following distribution: 6/30 (20%) nonresponders, 14/30 (46.7%) moderate responders, and 10/30 (33.3%) good responders. As shown in Table 2 , there were no significant differences in baseline prevalence of autoantibody positivity among the different subgroups of patients separated according to the EULAR response criteria found at 6 months.
Analysis of a-MCV, a-CCP, and total and IgA-specific RF serum levels during the follow-up of patients treated with RTX In 22 of the 30 patients treated with RTX, it was possible to determine serum autoantibodies during the follow-up period. As shown in Fig. 1 , overall, serum levels of a-CCP and a-MCV were similarly significantly reduced during follow-up after treatment with RTX, although a-CCP seemed to show a more marked and early reduction after 1 month compared to a-MCV. Finally, the levels of total and IgA-specific RF during follow-up showed a significant and entirely comparable reduction (Fig. 2) . As shown in Table 3 , dividing patients according to level of response to therapy (7 with a good response, 13 with a moderate response, and 2 with no response) 90 Autoimmun Highlights (2010) 1:87-94 revealed no significant differences. In all patients all the autoantibodies showed a marked reduction. However, patients with a good response tended to show more elevated serum levels of all the autoantibodies at time 0, and therefore also at the subsequent time points. Finally, the trend in the titre of autoantibodies is particularly exemplified in a patient who showed a good response after one cycle of RTX infusions. At the time of this report this patient had remained in clinical and laboratory remission for 4 years. At month 48 the levels of a-CCP and a-MCV were even higher than at baseline, and also total RF, that fell during the first year (but never became negative), had returned to the baseline level by month 48 (Table 4) . This patient was always RF IgA-negative.
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Discussion
The diagnostic role of a-CCP antibodies and RF in RA has been well established for years [13] . However, a significant proportion of patients are seronegative for RA. Thus the search for new markers is a relevant and open problem, both from the pathogenetic and the clinical/diagnostic point of view. In this regard, the recent appreciation of the subclass of the ACPA, a-MCV, has aroused much interest, especially in relation to biological therapies, such as possibly more specific and sensitive markers of a-CCP. Tests for a-CCP using the second generation citrullinated antigen (CCP2) have shown an extremely high diagnostic performance and predictive 91 Autoimmun Highlights (2010) 1:87-94 123 Fig. 2 Serum levels of total and IgAspecific RF during the follow-up of patients treated with RTX. The mean levels of total and IgA-specific RF are shown with the boxes representing the interquartile ranges and the lines representing the 10th and 90th percentiles of the distribution of values at the given times (from T0, baseline, to T+6 6 th month). The levels of total RF were significantly reduced as early as at month +1 ( 1 p), then the reduction is maintained at month +3 ( 2 p) and month +6 ( 3 p). The reduction in RF IgA serum levels is less significant at month +1 ( 4 p) than at month +3 ( 5 p) and month +6 ( 6 p) RF, rheumatoid factor Table 3 Changes in serum levels of autoantibodies during the follow-up after RTX treatment in relation to the response according to the EULAR criteria at month +6 EULAR response Baseline Month +3 Month +6 value [44, 45] . But in some early studies a-MCV appeared more sensitive than a-CCP antibodies, although less specific [26, 46, 47] . However, more recent metaanalyses [28, 29] have shown a total overlapping diagnostic power between a-CCP and a-MCV testing, leading to the proposal of a-MCV analysis as a second-level test in selected cases of patients with a strongly suspected diagnosis of RA and who are negative for both a-CCP and RF. As we confirmed in our limited series, there is a small group of a-CCP-negative patients (about 10%) with a significant titre of a-MCV, and an equal proportion of a-MCV-negative patients who are positive for a-CCP. Although the diagnostic power appeared equivalent, there were some important differences in the prognostic power. The positive correlation between ACPA and the erosive evolution of joint damage, associated with the presence of the shared epitope, was higher for a-MCV than for a-CCP, especially if a-MCV was present at high titre [31] . In monitoring of therapeutic response, a-CCP has never proved very useful because it also shows a reduction in patients with an optimal response, and is always partial and uninformative [48] . However, a recent study has shown an earlier decline in a-MCV antibodies (month +18) than in a-CCP antibodies (month +24) during treatment with infliximab, and also the titre of a-MCV antibodies seemed to follow significantly the clinical response scores [26] , which was not seen with a-CCP antibodies.
Our study is the first to show the behaviour of a-MCV and a-CCP antibody serum levels in the follow-up of RA patients treated with RTX. Contrary to what has been reported for infliximab, in our series of patients treated with RTX, the reduction in titre of a-MCV antibodies followed and did not precede that of a-CCP antibodies, and no differences were seen in relation to clinical response.
The choice of treatment and monitoring of treatment of RA with biological agents is currently a field of major interest, but strong data on biological markers still remain undefined [49] [50] [51] . Several authors have shown that the presence of RF, which is associated with more severe disease and a reduced therapeutic response in general, is a marker of a higher degree of response to RTX [50] [51] [52] . However, changes in RF serum levels in the follow-up after RTX treatment is not predictive of response, as we also found in this study, even focusing on IgA-specific RF.
In our series as in others, if RF showed, albeit very rarely, a negative titre after treatment, a-CCP antibodies usually showed an initial reduction followed by stabilization [53] . A particular example in this respect was the patient who remained in clinical remission over 4 years of follow-up after a single cycle of RTX. In this patient a-CCP antibodies, a-MCV antibodies and RF showed a reduction which lasted until the month +12, but then showed an increase to values higher than at baseline by month +48. It is possible that the antigenic trigger and/or autoantigens that drive the autoantibody response remain or reappear after the therapeutic depletion of CD20 + B cells obtained with RTX. Rehnberg et al. [10] have recently stressed that the reduction in CD27 + B cells observed both in peripheral blood and in bone marrow of patients treated with RTX will not prevent the reappearance in the long term of autoantibodies, suggesting that mechanisms regulating autoantibody production are not destroyed by RTX, despite its clinical efficacy.
Evidence in the literature indicates that people with RA positive for RF IgA show more aggressive disease [33, 34] . Furthermore, RF IgA seems to have a greater role in predicting the development of RA than RF IgM. In our series, the positivity of RF IgA was not associated with response to RTX, nor did the changes in RF IgA serum levels differ significantly from those of total RF during the follow-up after treatment with RTX.
The analysis of two key cytokines involved in B-cell proliferation (IL-6 and BLyS) did not show significant differences between patients positive and negative for RF IgA. Therefore the increased severity of disease associated with the presence of RF IgA seems not to be attributable to these cytokines [33, 34] . Accordingly, no correlation was found between serum IL-6 or BLyS levels and the levels of total or IgA-specific RF. Similarly, no correlation was found between a-CCP and a-MCV serum levels and cytokine levels. Finally, the small group of patients seronegative for all autoantibodies tested did not show BLyS and IL-6 serum levels different from the rest of the patients studied. These results suggest that there is no direct relationship between levels of BLyS and IL-6 as markers of B-cell proliferation and B-cell autoantibody secretion in RA patients. Except for Sjögren's syndrome [54] , a significant correlation between BLyS and autoantibodies is rarely in found in RA as in other systemic autoimmune diseases [55] , as we have observed in mixed cryoglobulinaemic syndrome [56] and in an extended RA series (unpublished personal observations). Local, rather than systemic levels of both autoantibodies and pivotal disease cytokines could be more representative of disease activity in RA [57] .
Of particular relevance was that patients with a better clinical response to RTX always tended to show, both at baseline and during follow-up, the highest levels of all autoantibodies tested. This observation is consistent with recently reported findings regarding the association between a positive response to RTX and RF and/or a-CCP positivity [50] [51] [52] . It can be assumed that RA patients characterized by greater autoantibody production respond better to therapies directed against B lymphocytes.
In conclusion, we can say that the analysis of a-MCV antibodies or RF IgA did not appear to provide further information than that obtained by the currently performed analysis of a-CCP antibodies and routine RF in monitoring the response to RTX therapy in RA.
